about 1850.
The merits and demerits of tobacco have been the subject of iiuch ('oltroversy. Huindreds of books, p)aml)hlets, and poems have portrayed the joys and glory of tobacco and the way to health by its use, while equally as many publications have satirized and virulently condemned the bewitching leaf. Physicians, scientists, philosophers, and men of the world have supported both sides, but sharp differences of opinion still remain.
During the century from 1848 through 1947, thie effects of long-continued use of tobacco on the heart and peripheral blood vessels of man were investigated widely. A few of these investigations will be mentioned to show the trends. Graves,' in England, as early as 1848 published observations of disturbed heart action produced by heavy smoking. Beau,2 in 1862, stated that tobacco smoking could initiate angina pectoris under certain c'onditions. Favarger, 3 in 1887, suggested that nicotine was the most important of the poisons in tobacco smoke. He described chronic tobacco poisoning in detail and stated that the continued use of nicotine initiated coronary spasm by constriction of the coronary arteries. Thus, chronic tobacco poisoning was given as the true cause of heart disease. Even then some doubt arose because some persons 70 to 80 years of age did not have any evidence of chronic tobacco poisoning in spite of heavy smoking for many years. HIuchard,4 another incriminator of tobacco as a cause of heart disease, introduced the term " tobacco angina" in 1899. Plesch5 disagreed with Favarger and reported that chronic excessive use of tobacco was not the chief cause of heart disease. Still other investigators6-10 stated that heavy smoking predisposed to arteriosclerosis.
More evidence of the causal role of tobacco in peripheral vascular disease was available, particularly in thromboangiitis obliterans.
Although thromboangiitis obliterans and to a less degree coronary heart disease seem to have some statistical relationship to the smoking of tobacco, experimental and clinical evidence indicated that smoking probably was only a contributory factor and not an eti-wise to review the evidence presented on this question during the last decade and to refer briefly to earlier work whenever necessary.
SUBSTANCES IN TOBACCO SMOKE
AND THEIR ABSORPTION The 2 substances absorbed in any appreciable amounts from tobacco smoke are carbon monoxide and nicotine. Previously many of the effects of smoking were attributed to carbon monoxide. Now acceptable evidence indicates that carbon monoxide plays little, if any, role in producing the cardiovascular effects, and this leaves nicotine as the most important agent.
The first question that might be asked is how much nicotine is absorbed when a cigarette is smoked? The standard cigarette weighs 1 Gm. and contains 20 mg. of nicotine.
According to Baumberger,1" when a cigarette is smoked, 35 per cent of the nicotine is destroyed at the burning tip, 35 per cent is lost in the side stream and much of this is given off to the environment, 22 per cent enters the mouth through the main stream of the smoke, and the remaining 8 per cent remains in the unsmoked portion of the cigarette. It is estimated that 3 to 4 mg. of nicotine enters the respiratory passages while from 2.5 to 3 mg. is absorbed by the lungs. When the smoke is held in the mouth for 2 seconds and then released, 66 to 77 per cent of the nicotine is absorbed, and when smoke is inhaled, 88 to 98 per cent of the nicotine is absorbed. Thus the amount of nicotine absorbed is dependent on how long the smoke remains in the mouth, whether the smoke is inhaled or not, and the frequency and depth of inhalation.
Weatherby'2 found that vasoconstriction took place after smoking standard brands of cigarettes but that when such cigarettes were denicotinized and smoked, the vasoconstriction was abolished almost completely. Other investigators13-17 found that vascular effects produced by smoking were similar whether standard cigarettes or commercially denicotinized cigarettes were smoked.
Effect of the Filter. McDonald, Sheard, and Roth'8 reported that the physiologic effects of smoking a cigarette with a filter were not different from those of smoking an ordinary cigarette and smoking a denicotinized cigarette.
Haag, Finnegan, and Larson'9 studied the efficiency of filters in reducing the effects of irritants of the edema-producing type in cigarette smoke. They found that the edema-producing properties of the second and third puffs of smoke from an unfiltered cigarette were significantly less than those of the fifth and sixth or the eighth and ninth puffs. Also, when used the first time, cartridge filters significantly reduced the irritants of edemaproducing type contained in cigarette smoke. However, with continued use, their effectiveness was reduced. The investigators stated, therefore, that the development of increasingly efficient filters would have as its culminating achievement a filter that would pass no smoke at all. It is exceedingly doubtful that the average smoker would take kindly to this.
Because of the controversy concerning the production of cancer of the lung by smoking, additional filters have been produced as a measure of protection in removing both nicotine and tars from cigarette smoke. From a survey made by the Chemical Laboratory of the American Medical Association,20 the following results were found. In all cases the fraction of nicotine removed from the main stream of smoke by the filter is small. The amounts of nicotine and tars assimilated by the smoker are proportional to the amonnts that reach a smoker's mouth from the main stream of the smoke. The amounts assimilated cannot be determined easily because of the variations among individuals and the differences in their smoking habits. peripheral vascular disease, is rather generally agreed. To have a subject smoke ali(l then to determine the effects of the smoking on the peripheral blood flow seem simple. however, all methods of measuring blood flow in man are indirect, and each has its own inhlerent error. Furthermore, irrespective of the method used, certain fundamental factors cooneerned with the status of the individual bear directly on the measurement of the blood flow in the extremities. These appear to be tlie environmental temperature,21 the position of the suibjeeit,22 particularly of his extremities, the taking of food,": and the basal metabolic rate.
To determine ehailges in blood flow, one of us (Roth) and co-workers used the thermocouple method of Sheard,24 which measures small changes in the skill temperature electrically. This method was chosen because previous work had demonstrated that the skill temperature of the fingers and toes is the most sensitive indicator of the vasomotor tone of the superficial blood vessels of the extremities. Thermocouples were attached to the fingers and toes to determine any ehanges before and after smoking. All the factors previously mentiolled concerned with the status of the individual were considered in these studies.
At a constant room temperature of 25.5 C. (78 F.) normally the finlgers are warmer than the toes, and the temperature of the toes will depend on the initial basal heat, or the basal metabolic rate. As figure 1 indicates, the skill temperature of the fingers and toes of a maii with rather high basal metabolic rate increases rapidly after a meal. This demonstrates vasodilatation. The skin temperature of the toes particularly of the subject with low basal metabolic rate will inerease to the same height after a meal, but it will take longer. For the man with the low basal mnetabolic rate whose skin temperatures are shown in figure 1 , it took 21/2 hourrs to produce the same degree of vasodilatation. The pattern will be the same whatever vasoclilating agent is used. If the basal metabolic rate of these 2 individuals were not kilown, the effects of food would be confusillg. Thomas, 1951 , by permission of the Mayo Association.) the smoke increased, the skin temperatures of both the fingers and toes decreased until the effects were the same as those from standard cigarettes. The lower the concentration of nicotine in the smoke the less the blood pressure and pulse rate increased from the basal level and vice versa. The increase was sharp when the concentration of nicotine was raised from 0.55 to 1.28 mg. Apparently then, the content of nicotine in a cigarette must be decreased more than 60 per cent from that in a standard cigarette before smoking produces only slight or no vascular effects. The habitual smoker finds the smoking of cigarettes containing so little nicotine unsatisfactory.
Since alcohol26 taken by mouth will dilate the blood vessels of the extremities in contrast to the constriction from smoking, smoking tests were made on normal subjects and the next day 87 smoking tests were made on the same subjects after ingestion of alcohol. The blood pressure and pulse rate rose definitely on smoking after the ingestion of alcohol iii all the subjects. In 72 per cent the skin temperatures of the fingers and toes decreased below the basal level on smoking during the vasodilatation from alcohol ( fig. 2 ). This seems to indicate that the alcohol did not prevent vasoconstriction from smoking.
From 425 smoking tests with tobacco or corn silk27 on 100 normal subjects who were habitual smokers, the following observations were made: 1. No tolerance develops to tobacco with respect to the vascular effects.
2. An elevation of the blood pressure and pulse rate and a decrease of the skin temperature of the extremities occur only on smoking tobacco. 3 . Nicotine appears to be the most important factor in producing the vascular effects. 4 Returning to the depth and frequency of inhalation of tobacco smoke, Shepherd29 reported on the effects of cigarette smoking on blood flow through the hand as determined by the plethysmograph. In his opinion the frequency of inhalation of tobacco smoke was most important and has not received enough attention. He chose an inhalation rate of 1 a minute. In studies by one of us (Roth) on the variation in individuals, inhalations were not more rapid than 1 a minute. Shepherd previously had not obtained as great an increase in blood pressure and pulse rate during smoking as our group had, but when 2 of his subjects inhaled at this rate following 15 hours without food and cigarettes, the increases in pulse rate and blood pressure were similar to those obtained by us. The influence of food seems important in all studies concerned with peripheral circulation.
Effect on Peripheral Vascular Disease. The evidence that smoking plays a role in the progression of peripheral vascular disease is no longer controversial. Although it may not be the etiologic factor, it is certainly the most prominent contributing factor. In the series of patients seen at the Mayo Clinic thromboangiitis obliterans rarely if ever was seen in a nonsmoker. Gifford (1) that the chaigres, are (dnc solely to the increased work of the heart awd (2) that the changes are due to spasm or constriction of the coronary arteries. In regard to the first, Graybiel, Starr, and White34 reported iii 1938 that undoubtedly a few individuals are susceptible to small amounts of nicotine absorbed during smoking. They suggested that the occasional attacks of angina pectoris precipitated by smokincg (tobacco angina) are not the result of corollary vasoconstriction but of a sudden increase in the work of the heart as shown by the increase in blood pressure or heart rate or both.
In the present year further work has substantiated this opinion in regard to the inicreased work of the heart. Kien injected directly into the perfusion system produced a diminution in coronary blood flow in the perfused hearts that previously had been made atherosclerotic.
In contrast West, Guzman, and Bellet38 working on dogs catheterized the circumflex or anterior descending branch of the left coronary artery via one carotid artery and cannulated the coronary sinus via one external jugular vein. From 0.25 to 0.5 mg. of nicotine per Kg. of body weight was injected into the coronary arteries. Small doses of nicotine produced a definite decrease in myocardial contractility but no other discernible effects. Larger doses increased coronary flow and myocardial contractility without any change in systemic blood pressure and heart rate. These effects were completely blocked by tetraethylammonium bromide. Still larger doses of nicotine elicited the coronary chemoreflex (Bezold-Jarish) accompanied by decrease in coronary blood flow. These effects were abolished by bilateral vagotomy. West, Guzman, and Bellet concluded that there was no evidence of coronary constriction following administration of nicotine and that the explanation of the effects was the presence in the heart of parasympathetic and sympathetic ganglia and chemoreceptors influenced by nicotine.
In 1957 the first studies using direct catheterization of the coronary sinus and a needle in the femoral artery were carried out on human beings by Bargeron and co-workers. 39 From studies on 30 adults they found that smoking a cigarette caused a significant rise in coronary blood flow and heart rate, a significant decline in coronary vascular resistance and myocardial extraction of oxygen and glucose. In normal subjects smoking did not produce constriction of the coronary blood vessels. As yet the various investigators do not agree completely.
The work of Burn and his co-workers40-42 on man presents an entirely different view in regard to coronary vasoconstriction. They40 and Walker41 found that smoking 1 or 2 cigarettes had an antidiuretic effect for 1 to 3 hours in man. An injection of nicotine (0.33 to 1 mg.) had a similar antidiuretic effect. According to them the inhibitory effects of both smoking and nicotine were accompanied by a rise in the total excretion of chloride, an effect characteristic of the action of the posterior pituitary hormone. In 1951 Burn and Grewal42 stated that the posterior pituitary hormone is excreted in the urine after 1 or 2 cigarettes are smoked. Thus Burn and Grewal concluded that smoking may produce coronary constriction in man as a result of the release of posterior pituitary hormone.
In the present decade, the electrocardiograph or the ballistocardiograph, or in a few instances, both have been employed in the study of the effects of smoking on the heart of man.
Electrocardiographic Findings. To determine whether smoking of tobacco produced a spasm of the coronary arteries as a result of transient myocardial impairment, von Ahn43 produced hypoxia in the myocardium and in turn coronary insufficiency by the inspiration of oxygen-poor gases. He found that tobacco smoking or injection of nicotine during hypoxia increased the heart rate and the amplitude of the P waves, flattened the T waves, and caused slight depression of the S-T segments. These electrocardiographic changes were due chiefly to increased sympathetic tone. In studying the origin of these changes, he found that dihydroergotamine counteracted the effect of nicotine on the electrocardiogram, whereas atropine led to approximately the same degree of flattening of the T waves as nicotine. There was practically no flattening of T waves or depression of S-T segments after elimination of the increased heart rate due to smoking or injection of nicotine. Physical work during hypoxia led to more marked flattening of the T waves and depression of the S-T segments than did nicotine under the same condition. In certain cases heavy smoking or injection of nicotine resulted in flattening of the T waves without simultaneous increase in heart rate. This was probably due to increased adrenal secretion.
Von Ahn concluded that it is unlikely that the electrocardiographic changes provoked by smoking or injection of nicotine during hypoxia in persons with clinically healthy hearts were of coronary origin, but that they were probably secondary to increased heart rate.
Ballistocardiographic Findings. The ballistocardiograph records the stroke volume of the heart as a means of determining the cardiac output. Starr44 almost 20 years ago set up the normal standards and various modifications of ballistocardiograms. Ten to 14 years later Starr and Hildreth45 tested 67 of the same individuals and determined the effect of aging hearts and of the development of disease in these previously healthy persons. They conceived the idea that the weakening heart has a recourse open to it that has not been realized. By changing the manner of systolic ejection of blood so that acceleration is kept at a minimum, the load of the heart is lifted more slowly, and by this means a heart lacking in strength can maintain its cardiac output unimpaired. It is this change in cardiac function that can be detected from the change in the form of the ballistocardiogram seen so clearly as age advances. And since this adaptation will leave the heart's main function, that of pumping blood essentially unimpaired, it provides an explanation for the observation that the ballistocardiogram will indicate an abnormality early in the course of disease before the development of symptoms or other evidence of cardiac dysfunction. Dock,46 in discussing Starr 's paper, pointed out that smoking in some persons can change the ballistocardiogram and the changes produced may be identical to those seen after coronary accidents and in older people who are aware of heart trouble. He emphasized, therefore, that tracings must be taken under basal conditions.
The introduction of the ballistocardiograph stimulated various workers to further study of the effect of smoking on the heart. In 1947, Boyle and co-workers47 used the ballistocardiograph in order to determine the effects of nicotine on the heart in normal persons and in patients with cardiovascular disease. The variations in responses were similar; severe reactions depended on individual susceptibility rather than on the presence of disease. In some patients with heart disease injection of nicotine induced coronary insufficiency that could be the result of constriction of the coronary arteries or of increased work of the heart or of both.
Levy and associates17 studied the effects of smoking of regular and commercially denicotinized cigarettes on a normal group and a cardiac group. In both groups the systolic and diastolic blood pressures as well as the heart rate increased slightly, but the average cardiac output did not change. 55 they reported the effects of smoking on the ballistocardiograms of 252 normal subjects and 190 patients with coronary artery disease. Changes occurred on smoking in 7.5 per cent of the control subjects in contrast to 48.9 per cent of the coronary group. No abnormality occurred in any control subject who was less than age 40 while abnormalities occurred in only 3 of 89 normal subjects in the fifth decade. Although these figures have a discriminatory ratio of 6.5: 1, which is less than the 9.1: 1 ratio of the earlier series, Clough56 considered them highly significant.
Kelly and co-workers57 found no abiiorinalities in the ballistocardiograms in 100 healthy high school lads made during rest and no real ones after smoking. They assumed that the abnormal tracings seen occasionally after smoking represented poor habituation to tobacco.
Simon, Iglauer, and Braunstein58 reported that the gross changes in the ballistocardiograms of many coronary patients and of some normal subjects more than 30 years of age make it impossible to measure and compare the overall changes in stroke volume and cardiac output that occur after smoking. They found no significant change in cardiac output and in the form of the ballistocardiograms of 17 normal young men following smoking.
In contrast, BUff59 reported abnormalities in 42 (10 per cent) of 400 ballistocardiograms made after smoking on 250 men and 150 women. All were less than 40 years of age.
In 1956, Strober60 studied the effect of smoking on the ballistocardiograms of 2,736 male subjects at an air force base. The vast majority of the subjects had normal ballisto-cardiograms after smoking. Of the 120 smokers in the obese group, 45 per cent had abnormal tracings after smoking, whereas in the nonobese group, 3.6 per cent had abnormal tracings. Ill regard to obesity Brozek and Keys6' noted no significant differences in relative weight, arm diameter corrected for subcutaneous fat (as a measure of inuseularity), or body density in a group of middle-aged business and professional men who never smoked from those in a group who were heavy smokers. They considered use of either cigarettes alone or all forms of tobacco smoking. However, in a study carried out for 5 Russek and co-workers63 studied 65 subjects; 28 normal persons who were habitual smokers, and 37 patients with coronary disease. They observed that on smoking, 16 of 28 normal subjects had significant changes in the electrocardiogram and ballistocardiogram, and 2 showed changes closely simulating those of patients with coronary artery insufficiency. No significant improvement in the electrocardiogram or ballistocardiogram was observed in any of these normal subjects as a result of the administration of glyceryl trinitrate. They concluded then that tobacco heart or tobacco angina is not due to underlying cardiac disease but is a definite clinical entity representing functional derangement of this organ due to nicotine. Total abstinence from tobacco was followed by disappearance of all symptoms and electrocardiographic and ballistocardiographic abnormalities.
They also stated that the main effects of tobacco on the cardiovascular system of hypersensitive normal subjects are not due to coronary vasoconstriction but appear more likely to be due to direct myocardial action, or to the effect of nicotine on the cardiac ganglion, or to both. In patients with coronary heart disease glyceryl trinitrate failed to modify or prevent ballistocardiographic changes induced by smoking, while whisky significantly decreased the ballistocardiographic abnormalities after smoking. Because alcohol did not prevent the electrocardiographic changes induced in such patients by a standard exercise test, they concluded that the nicotine response was based primarily on peripheral vascular constriction and not on alterations in coronary blood flow. They were of the opinion that the ballistocardiogram unlike the electrocardiogram was influenced not only by abnormalities in the heart itself but also to an equal or greater degree by changes in the vascular tree. In a strict sense the deterioration of the ballistocardiogram seen in patients with coronary disease after smoking did not seem to be due to hypersensitivity but rather to latent or overt inadequacies in myocardial function brought to light by peripheral vasconstriction.
A digression will be made to include at this point some earlier work carried out in 1938 by Hines and one of us64 (Roth) Considerable controversy has existed in regard to the effects of smoking on the heart. These effects are indicated by an increased pulse rate and blood pressure and some flattening of the T waves. Extensive studies have been carried out to determine whether they are due to sudden increased work of the heart or to coronary constriction. The early work on animals was not conclusive. Some workers have suggested that the increase of blood pressure or heart rate or of both reflects increased work of the heart. Confirmation of this has been given by other workers who showed that oxygen utilization by the heart was reduced initially during the period of greatly increased cardiac work and then increased and remained high. The alterations were explained on the basis of metabolic changes in the myocardium. It has been suggested too that constriction of the coronary arteries resulted from the release of posterior pituitary hormone after smoking. Also blood flow in the coronary arteries decreased in arteriosclerotic rabbits after injection of nicotine. In contrast one investigator concluded that the effects of smoking particularly during hypoxia were not due to constriction of the coronary arteries but were secondary to increased heart rate. Another group concluded that injection of nicotine produced no coronary constriction but influenced the parasympathetic and sympathetic ganglia and chemoreceptors in the heart. The first investigators to catheterize the coronary sinus in man concluded that nicotine did not cause coronary constriction but decreased resistance of the coronary vessels and decreased myocardial extraction of oxygen and glucose. Further work with direct catheterization may be expected.
The introduction of the ballistocardiograph added a new approach for study of the e3ffect of smoking. While this instrument is not considered by some workers as being ready for use in diagnosis, 74' ,7 it has provided an interesting method for investigation and with further refinements of the instrument the method may become more critical and praetical. Abnormalities may be noted in the ballistocardiograms of patients with peripheral vascular disease without evidence of cardiac disease. Because the ballistocardiogram may be influenced by the entire vascular tree, it is more sensitive than the electrocardiogram to the effects of smoking. It has provided evidence that smoking may not exert its effect on the myoeardium or the coronary arteries but mainly on the peripheral blood vessels. In some instances the constriction of peripheral vessels by smoking may point to latent disease of the coronary arteries.
It has been shown too that the cardiac output and cardiac index of normal subjects with hypertensive parents are large before smoking as compared with the controls. On smoking they increased twice as much in normal subjects with hypertensive parents as in the controls, and they increased less in normal subjects whose parents had coronary disease thain in the controls.
From the various findings coronary disease seems to occur more frequently and at an earlier age in the heavv smoker than in the nonsmoker. SUMMARY Ill normal sUbjects smoking or the inIjection of nicotine produces transient vascular effects on the heart and blood vessels. Apparently tobacco angina or tobacco heart is a clinical entity. Abnormal vascular responses after smoking in normal subjects may be due to hypersensitivity to nicotine, such as occurs ill tobacco heart, or to the effect of nicotine on a vascular svstem demonstrated to be hyperreactive by the cold pressor test.
Tobacco is one of the most prominent contributing factors in thromboangiitis obliterans, as thromboangiitis is rarely found in nonsmokers.
The question as to whether the effects of smoking are due to sudden increased work of the heart or constriction of the coronary artery has stimulated a great amount of research. There is evidence to support both theories.
The findings of abnormal ballistocardiograms before and after smoking in the offspring of hypertensive parents and after smoking in the offspring of parents with coronary heart disease are highly important.
Statistically coronary artery disease seemis to occur more frequently and at an earlier age in the person who smokes much than in the nonsmoker. Likewise, the mortality rate is higher among younger persons with coronary disease who are smokers than among those who are nonsmokers. 
